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Grant, 956 F.2d at 1148 (citations omitted); see
also Strother, 21 Cl. Ct. at 370.

Petitioner does not meet this affirmative obligation
by merely showing a temporal association between
the vaccination and the injury. Rather, petitioner
must explain how and why the injury occurred.
Strother 21 Cl. Ct. at 370; see also Hasler v. United
States, 718 F.2d 202, 205 (6th Cir. 1993), cert.
denied, 469 U.S. 817 (1984) (inoculation is not the
cause of every event that occurs within a ten day
period following it). If petitioner views the temporal
relationship as "key," the claim must fail
Thibaudeau v. Secretary of HHS, 24 Cl. Ct. 400,
403 (1991). Nor may petitioner meet his burden by
eliminating other potential causes of the injury.
Grant, 956 F.2d at 1149.

"[E]vidence in the form of scientific studies or
expert medical testimony is necessary to
demonstrate causation" for a petitioner seeking to
prove causation in fact. H.R. Rep. No. 990908, 99th
Cong. 2d Sess., pt. | at 15 (Sept. 26, 1986),
reprinted in 1986 U.S. Code Cong. and Admin.
News 8344, 6356. In this regard, the recent
Supreme Court decision in Daubert v. Merrell Dow
Pharmaceuticals, Inc., 113 S. Ct. 2786 (1993), is
instructive. While that case dealt with the
admissibility of scientific evidence, and here we are
assessing the scientific validity of evidence already
presented, Daubert is helpful in providing a
framework for evaluating the reliability of scientific
evidence. [FN24] The Court in Daubert wrote:
*5 [[]n order to qualify as "scientific knowledge,"
an inference or assertion must be derived by the
scientific method. Proposed testimony must be
supported by appropriate validation - ie., "good
grounds,” based on what is known. In short, the
requirement that an expert's testimony pertain to
"scientific knowledge" establishes a standard of
evidentiary reliability.

Id. at 2795. The Court goes on to suggest that a key
criterion of scientific reliability is whether a theory
has been tested and subjected to peer review and
publication. /d. at 2796-97. While acknowledging
that publication is not a sine qua non of
admissibility, the Court finds the submission of a
novel scientific theory to the scrutiny of publication
is a component of 'good science' and the fact of
publication is a relevant, though not dispositive,
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consideration. /d at 2797. Finally, the Court noted
while not a precondition, the general acceptance of
a theory within the scientific community of a
scientific theory can have a bearing on the question
of assessing reliability while a theory that has
attracted only "minimal support” may be viewed
with skepticism. /d.

Inasmuch as GBS is not an injury listed in the
Vaccine Table, petitioner's claim that the Td
vaccine caused GBS is one of causation-in-fact. The
analysis in this case is two-fold: (1) can tetanus
toxoid cause GBS? and (2) did tetanus toxoid cause
GBS in this case? See Coultas v. Secretary of HHS,
No. 93- 0081V (Fed. Cl. Spec. Mstr. Sept. 29,
1995) (two-step causation-in-fact analysis used),
Guy v. Secretary of HHS, No. 92-779V (Fed. Cl
Spec.  Mstr.  Feb. 21, 1995)  (two-step
causation-in-fact analysis used); Alberding v.
Secretary of HHS, No. 90-3177V (Fed. Cl. Spec.
Mstr. March 18, 1994) (two-step causation-in-fact
analysis used).

Significant support exists for the notion that Td can
cause GBS; the IOM report favors the existence of
such a causal relationship. In addition, there have
been several cases under the Vaccine Program in
which petitioners were successful in proving they
had GBS caused by a Program-covered vaccination.
See Guy v. Secretary of HHS, No. 92-779V (Fed.
Cl. Spec. Mstr. Feb. 21, 1995); Alberding v.
Secretary of HHS, No. 90-3177V (Fed. Cl. Spec.
Mstr. March 18, 1994); Robinson v. Secretary of
HHS, No. 91-01V (Fed. Cl. Spec. Mstr. Nov. 27,
1991). In those cases, the special masters
recognized the causal relationship between tetanus
toxoid and GBS. See also Coultas v. Secretary of
HHS, No. 93-0081V (Fed. Cl. Spec. Mstr. Sept. 29,
1995). In this case, Dr. Janati testified he believes
such a causal relationship exists. Moreover, Dr.
Arnason testified he does not disagree with the IOM
report, although he is reluctant to say that the
Pollard and Selby case, upon which the IOM
primarily relies, establishes a causal relationship
conclusively. Tr. at 78, 129; P. ex. at 2. While Dr.
Amason does not concede outright that he
subscribes to the existence of such causal
relationship, I will presume a causal relationship
between tetanus toxoid and GBS as I, and other
special masters, have done before. See Robinson v.
Secretary of HHS, No. 91-01V (Fed. Cl. Spec.
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Mstr. Nov. 27, 1991).

*6 Having decided that tetanus toxoid could cause
GBS, the issue is, then, whether tetanus toxoid did,
in fact, cause petitioner's GBS. Petitioner relies,
essentially, on the temporal relationship between
the tetanus toxoid and the onset of GBS and a
proffered mechanism by which a stressor causes
GBS. Respondent, on the other hand relies on the
following to defeat petitioner's claim: 1) there are
no reliable medical tests to identify tetanus toxoid
as the cause of GBS in a particular instance; 2)
epidemiological evidence would make it very
unlikely that tetanus toxoid caused GBS in any
particular case; and 3) it is much more likely that
petitioner's GBS can be attributed to a subclinical
infection or to a questionable gastroenteritis. [FN25]

Before determining whether petitioner has met his
burden here, I will address respondent's arguments.
First, respondent may not defeat petitioner's case by
arguing that it is statistically unlikely that tetanus
toxoid  caused  petitioner's GBS. While
epidemiological studies are relevant, if [ were to
accept  respondent's  argument ~ and  deny
compensation to petitioner based on that argument,
it would be virtually impossible for claimants to
prove off-Table cases. See Knudsen v. Secretary of
HHS, 35 F.3d 543, 550 (Fed. Cir. 1994) ("The bare
statistical fact that there are more reported cases of
viral encephalopathies than there are reported cases
of DPT encephalopathies is not evidence that in a
particular case an encephalopathy following a DPT
vaccination was in fact caused by a viral infection
present in the child and not caused by the DPT.");
Robinson v. Secretary of HHS, No. 91-01V (Fed.
Cl. Spec. Mstr. Nov. 27, 1991) (Epidemiological
evidence is not necessarily the standard by which
this court is required to render its decision in
vaccine cases.). It may be true that the likelihood
that petitioner's GBS is caused by tetanus toxoid is
very small. Petitioner may meet that burden
however, with a proper showing that %e is that one
person out of many who sustained such injury.

As to respondent's other proposition that
petitioner's GBS is most likely the result of a
subclinical infection, that too is inadequate. Once
again, respondent is suggesting that a theory based
upon statistics should defeat petitioner's claim. It
has been established in this case that petitioner was

Page 5

not tested for other potential causes of GBS, in
particular, the most typical culprits. However,
simply because the odds may favor a subclinical
infection as the cause in this case, one cannot
presume the existence of a subclinical infection
where the only conspicuous potential trigger within
the appropriate time frame was the tetanus toxoid
vaccine. Respondent's argument must be analyzed
under the same standards that apply in traditional
tort litigation, in which the same "preponderance of
the evidence" standard applies, that is "a logical
sequence of cause and effect" supported by "a
reputable medical or scientific explanation." Grant
v. Secretary of HHS, 956 F.2d 1144, 1148 (Fed.
Cir. 1991) (citations omitted); Hines v. Secretary of
HHS, 940 F.2d 1518, 1525 (Fed. Cir. 1991);
Strother v. Secretary of HHS, 21 C. Ct. 365, 369-70
(190), aff'd, 950 F.2d 731 (Fed. Cir. 1991); see also
Knudsen v. Secretary of HHS, 35 F.3d 543, 549
(Fed. Cir. 1994) ("The government was required
not only to prove the existence of an infection (here
viral), but also to prove by a preponderance of the
evidence that the particular viral infection present in
the child actually caused the table injury
complained of."). The only basis for respondent's
theory is statistical probability which is speculative
at best. While statistics may favor respondent's
hypothesis, respondent presented no other evidence
in support of that proposition. See n. 25. Therefore,
respondent's argument, that petitioner's GBS is due
to a subclinical infection, fails.

*7 Turning back to whether petitioner has met his
burden in this case, it is well settled that a temporal
association alone is insufficient to establish
causation in fact. Petitioner does not enjoy a
presumption of causation, but has an affirmative
duty to establish the likelihood of his case. He
cannot rely on the fact that respondent has failed to
prove an alternative case. Thibaudeau v. Secretary
of HHS, 24 Cl. Ct. 400, 403 (1991). Therefore, if
petitioner is to succeed in his claim, the other
element upon which he relies, /e, the mechanism of
the injury, must be sufficient. I find that it is not.

Assuming the mechanism upon which petitioner
relies is the generally accepted one for a stressor to
cause GBS, [ find petitioner has not provided
evidence to demonstrate that is the mechanism that
operated in this case. In Dr. Janati's own published
case study, the patient demonstrated an exaggerated
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lymphoblastogenesis to tetanus antigen, suggesting
a causal relationship between tetanus toxoid and
GBS. In this case, however, no such response was
observed in petitioner. While this may not
necessarily rule out a causal relationship, it also
does not further petitioner's argument.

If I were to find that the mechanism submitted by
petitioner, in conjunction with the temporal
association, is sufficient to establish causation in
this case, I would essentially be creating a new
Table injury--anyone who suffered from GBS
within one to six weeks of receiving a tetanus
toxoid vaccine would win their claim if their expert
simply recited the mechanism by which GBS
occurs. In sum, without further proof to connect that
mechanism to this particular case, 1 cannot make a
finding favorable to petitioner. Accordingly, I find
petitioner has not met his burden of proving that his
GBS was caused, more likely than not, by the
tetanus toxoid vaccination he received 10 days
earlier.

Iv.
FINDINGS OF FACT

1. Petitioner has not previously collected an award
or settlement of a civil action in connection with
any alleged injury sustained by petitioner due to the
administration of the Td wvaccine in question.
Section 1 1(c)(1)(E); Petition at 2.

2. Petitioner was administered a vaccine listed in
the Vaccine Injury Table. Section 11(c)(1XB)(i)(D);
Petition at 1.

3. Said vaccine was administered in Fort Sam
Houston, Texas. Section 11(c)(1)(B)(i)(I); P. aff. at
1.

4. There is not a preponderance of the evidence
that the Td vaccination in question in fact caused
petitioner's GBS.

5. There is not a preponderance of the evidence
that petitioner expended in excess of $1,000 in
unreimbursable medical expenses as a result of a
vaccine-related injury. [FN26]

V.
CONCLUSION
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Based on the foregoing, the undersigned finds,
after considering the entire record in this case, that
petitioner is not entitled to compensation in this
case. In the absence of a motion for review filed
pursuant to RCFC Appendix J, the clerk of the court
is directed to enter judgment in accordance herewith.

*8 IT IS SO ORDERED.

FNI1. The statutory provisions governing
the Vaccine Act are found in 42 U.S.C. §§
300aa-1 et seq. (1991 & Supp. 1995).
Reference will be to the relevant
subsection of 42 U.S.C. § 300aa.

FN2. GBS is also known as acute
inflammatory demyelinating
polyradiculoneuropathy (AIDP). GBS is
defined as an "acute febrile polyneuritis."
Dorland's Illustrated Medical Dictionary
1636 (27th ed. 1988). Polyneuritis is a
condition wherein numerous nerves are
simultaneously inflamed. /d. at 1333.

FN3. Plasmapheresis is "the removal of
plasma from withdrawn blood, with
retransfusion of the formed elements into
the donor...." Dorland's Illustrated Medical
Dictionary 1304 (27th ed. 1988).

FN4. Dr. Janati testified that the most
commonly identified antecedent to GBS is
viral  infection, specifically, seasonal
viruses. Cytomegalovirus and
campylobacter, common  causes  of
gastroenteritis, are also implicated in
causing GBS. Tr. at 45.

FNS5. Dr. Janati testified that it is possible
for someone to be vaccinated with tetanus
toxoid and not be sensitive to it until a
second or third administration, at which
time that person could develop GBS. Tr. at
13.
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FN6. P. Nov. 25, 1995 filing at 3.

FN7. N. Newton and A. Janati,
Guillain-Barre Syndrome after
Vaccination with Purified Tetanus Toxoid,
80 Southern Medical Journal 1053 (1987);
P. Nov. 25, 1995 filing at 1.

FN8. Dr. Janati admits that he is not aware
of case reports, other than his own study,
which conclude that a single tetanus
vaccine likely caused a single onset of
GBS with no apparent prior clinical
infection. Tr. at 73.

FN9. It is unheard of for GBS to occur
within one week of the triggering event,
according to Dr. Janati. Tr. at 12.

FN10. However, Dr. Janati testified that
he has been unable to identify the
precipitant in only about 10-20% of the 30
GBS cases he has seen since 1972, Tr. at
43.

FNI11. In his 1976 article about GBS, Dr.
Arnason wrote that a GBS association with
tetanus toxoid is probable. B. Arnason,
Acute Inflammatory Demyelinating
Polyradiculoneuropathies,  published in
P.J Dyck, 2050-2100 Peripheral
Neuropathy, Vol. 11 (2d ed. 1984) (Ch.
90); P. Nov. 20, 1995 filing at 4.

FN12. J.D. Poilard and G. Selby,
Relapsing Neuropathy Due to Tetanus
Toxoid, 37 Journal of the Neurological
Sciences 113 (1978)

FN13. The length of time between the
stressor and the onset of GBS, according
to Dr. Arnason, depends on the stressor.
Tr. at 95, 102. Different antecedents have
different time frames. For instance, he

states that the expected peak time for
campylobacter is one week. Tr. at 95.

FN14. Dr. Amason also believes it is most
likely that Dr. Janati's published case was
due to an inapparent infection. Tr. at 91.
According to Dr. Arnason, there is no
significance to Dr. Janati's findings of
increased titers to tetanus toxoid:

[Wlhen one has an inapparent viral
infection, one nonetheless defends against
it. And in doing that one stirs up the
immune response. So add the titer to the
tetanus, it's going to go higher than would
otherwise be the case just because an
inapparent infection is going to drive it
higher.

Tr. at 91-92.

FN15. Twenty percent of cytomegalovirus
infections are subclinical and patients are
not aware they have the virus, according to
Dr. Arnason. Tr. at 82.

FN16. Dr. Arnason testified that a
significant number of patients who test
positively for campylobacter do not have
clinical symptoms. Tr. at 82.

FN17. According to Dr. Arnason,
although "everybody in this room" has
antibodies to Epstein-Barr, not everyone
had infectious mononucleosis. Tr. at 82.

FN18. Dr. Arnason testified there is also
an increased incidence of GBS cases
following surgical procedures. However,
he testified that is likely due to the fact
most people who undergo surgery receive
blood transfusions which carries the risk of
infection from  cytomegalovirus  and
Epstein-Barr virus. Tr. at 122.

FNI19. In the instant case, no tests were
done to rule out Epstein-Barr virus,
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cytomegalovirus or campylobacter. Tr. at
83.

FN20. Concerning the study titled
"Evaluation of the Risk of Guillain-Barre
Syndrome (GBS) after Tetanus-Toxoid
Containing Vaccines in Adults and
Children in the U.S." (hereinafter
Tuttle-Chen study), Dr. Ray testified that
the sample size of the study is insufficient
to quantify the risk associated with tetanus
toxoid. Tr. at 162; R. ex. C. The
Tuttle-Chen study reported four cases of
GBS following tetanus toxoid with various
intervals between receipt of the vaccine
and onset of GBS. Only one of those four
cases had an onset of GBS within six
weeks of tetanus toxoid administration. Dr.
Ray testified that if there were many cases,
instead of just one within the six week
interval, the rates would be meaningful. Tr.
at 161. According to Dr. Ray, for any
epidemiological study to be probative, it
would have to be larger than the
Tuttle-Chen study. Tr. at 168. Dr. Ray
believes, however, that the Tuttle-Chen
study does have some value in that it rules
out a very large relative risk. Tr. at 169.

FN21. Petitioners must prove their case by
a preponderance of the evidence, which
requires that the trier of fact "believe that
the existence of a fact is more probable
than its nonexistence before [the special
master] may find in favor of the party who
has the burden to persuade the [ [ [special
master] of the fact's existence." [n re
Winship, 397 U.S. 358, 372-73 (1970)
(Harlan, J., concurring) quoting F. James,
Civil Procedure 250-51 (1965). Mere
conjecture or speculation will not establish
a probability. Snowbank Enter. v. United
States, 6 C1.Ct. 476, 486 (Cl. Ct. 1984).

FN22. Section 14(a).

FN23. Section 13(a)(1)(B). Other

prerequisites to compensation include: (1)
that the injured person suffered the
residual effects of a vaccine-related injury
for more than six months after the
administration of the vaccine. Section
11(c)(1)D)(1); (2) that the petitioner
incurred in excess of $1,000 in
unreimbursable vaccine-related expenses.
Section 11(c)(1)}D)(i); (3) that the vaccine
was administered in the United States.
Section 11(c1)B)(iXD);, (4) that the
petitioner did not previously collect a
judgment or settlement in a prior civil
action. Section 11(c)(c)(1)(E); and (5) that
the action be brought by the injured
person's legal representative.  Section

11(b)(1)(A).

FN24. In Daubert, the Supreme Court
held Federal Rule of Evidence 702 is
binding on federal courts with respect to
establishing the admissibility of scientific
evidence. Daubert, 113 S. Ct. at 1795. It is
noted that the Federal Rules of Evidence
are not binding on this tribunal.

FN25. Petitioner's son was noted to have
gastroenteritis on the day of petitioner's
hospital admission, July 28, 1991. The
medical records show that petitioner had
an episode of fecal incontinence while
eating lunch on the day of his hospital
admission but had no history of any other
bowel or bladder dysfunction. P. ex. at
626.

Dr. Janati testified that fecal incontinence
resulted most likely from petitioner losing
control of his sphincter muscles--a
manifestation of GBS. Tr. at 26. In
addition, he explained it takes 10 days to
two weeks for the symptoms of GBS to
occur after a patient develops flu
symptoms. Therefore, if fecal incontinence
was a sign that petitioner had
gastroenteritis, he would not have
developed GBS until at least 10 days later,
which does not square with what actuaily
happened in this case. Tr. at 25.

Dr. Arnason, on the other hand, suggested
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that petitioner could have been sick with
gastroenteritis because his son was sick
with it at the time of petitioner's hospital
admission. Tr. at 80-81. Dr. Amason also
testified that fecal incontinence is very rare
with GBS. Tr. at 81. He believes it
possible, therefore, that petitioner had a
clinical gastroenteritis. Tr. at 81.

The evidence is insufficient to support a
finding that petitioner suffered from
gastroenteritis. Dr. Arnason's testimony on
that point is little more than conjecture. It
cannot be said therefore that petitioner's
GBS was caused by a clinical or
subclinical gastroenteritis infection.

FN26. Since I conclude that no
vaccine-related injury occurred, I must
also conclude that any expenses incurred
on  petitioner's  behalf  were  not
vaccine-related.

1996 WL 282882 (Fed.Cl.)

END OF DOCUMENT
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Causality and Evidence

CAUSALITY

Definitions

The concept of causality is of cardinal importance in health research,
clinical practice, and public health policy. It also lies at the heart of this
committee’s charge: to make causal inferences about the relation between
vaccines routinely administered to children in the United States and several
specific adverse health outcomes. Despite its importance, however, causal-
ity is not a concept that is easy to define or understand (Kramer and Lane,
1992). Consider, for example, the relation between vaccine x and Guillain-
Barré syndrome (GBS). Does the statement “Vaccine x causes GBS” mean
that (1) all persons immunized with vaccine x will develop GBS, (2) all
cases of GBS are caused by exposure to vaccine x, or (3) there is at least
one person whose GBS was caused or will be caused by vaccine x?

The first interpretation corresponds to the notion of a sufficient cause;
vaccine x is a sufficient cause of GBS if all vaccine x recipients develop the
disease. Vaccine x is a necessary cause of GBS if the disease occurs only
among vaccine x recipients (second interpretation above). Although the
idea that a “proper” cause must be both necessary and sufficient underlies
Koch's postulates of causality (see Glossary in Appendix C), it is now
generally recognized that for most exposure-outcome relations, exposure
(i.e., the putative cause) is neither necessary nor sufficient to cause the
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outcome (third interpretation above). In other words, most health outcomes
of interest have multifactorial etiologies.

A good example is coronary heart disease (CHD). It has been amply
demonstrated that smoking, high blood pressure, lack of exercise, and high
serum cholesterol levels are all causally related to the development of CHD.
Nonetheless, many people with one or more of these risk factors do not
develop CHD, and some cases of CHD occur in people without any of the
risk factors. Most of the adverse events considered by the committee have
multifactorial etiologies.

Types of Causal Questions

The causal relation between a vaccine and a given adverse event can be
considered in terms of three different questions (Kramer and Lane, 1992):

1. Can It? (potential causality): Can the vaccine cause the adverse
event, at least in certain people under certain circumstances?

2. Did It? (“retrodictive” causality): Given an individual who has
received the vaccine and developed the adverse event, was the event caused
by the vaccine?

3. Will It? (predictive causality): Will the next person who receives
the vaccine experience the adverse event because of the vaccine? Or equiva-
lently: How frequently will vaccine recipients experience the adverse event
as a result of the vaccine?

Each of these causality questions has a somewhat different meaning,
and for each, there are different methods of assessment. In the section
below, each question will be discussed in turn, with reference to how it
relates to the committee’s charge and how the committee attempted to an-
swer 1t.

Can It?

The committee has been charged with answering the Can It? causality
question for the relations between vaccines routinely administered to chil-
dren and several specific adverse events. The question is conventionally
approached through controlled epidemiologic studies. (The term epidemiologic
studies is used throughout this report in its broad sense to denote studies of
disease and other health-related phenomena in groups of human subjects.
The term thus includes many clinical studies but excludes animal and in
vitro studies on the one hand and individual case reports on the other. See
below the section Sources of Evidence for Causality for a more detailed
description of epidemiologic studies.) Can It? is generally answered in the
affirmative if the relative risk (the ratio of the rate of occurrence of the
adverse event in vaccinated persons to the rate in otherwise comparable



Adverse Events Associated with Childhood Vaccines: Evidence Bearing on Casuality (1993)
htip://www.nap.edu/openbook/0309048958/html/21.himl, copyright 1983, 2000 The National Academy of Sciences, all rights reserved

CAUSALITY AND EVIDENCE 21

unvaccinated persons) is greater than 1, provided that systematic error (bias)
and random error (sampling variation) can be shown to be improbable ex-
planations for the findings. In other words, if a statistically significant
relative risk has been obtained in an epidemiologic study (or a meta-analy-
sis of several epidemiologic studies) and is unlikely to be due to systematic
bias, Can It? causality can be accepted.

Much of the epidemiologic literature on causality has focused on Can
It?, and a widely used set of criteria has evolved for Can [¢? causality
assessment (Hill, 1965; Stclley, 1990; Susser, 1973; U.S. Department of
Health, Education, and Welfare, 1964). These criteria are as follows:

1. Strength of association: A relative risk (or odds ratio) of 1.0 indi-
cates no association between the vaccine and the adverse event. Relative
risks of between 1.0 and 2.0 are generally regarded as indicating a weak
association, whereas higher values indicate a moderate or strong associa-
tion. In general, the higher the relative risk. the less likely the vaccine-
adverse event association is to be entirely explained by one or more sources
of analytic bias.

2. Analytic bias: Analytic bias is a systematic error in the estimate of
association between the vaccine and the adverse event. It can be catego-
rized under four types: selection bias, information bias, confounding bias,
and reverse causality bias. Selection bias refers to the way that the sample
of subjects for a study has been selected (from a source population) and
retained. If the subjects in whom the vaccine-adverse event association has
been analyzed differ from the source population in ways linked to both
exposure to the vaccine and development of the adverse event, the resulting
estimate of association will be biased. /nformation bias can result in a bias
toward the null hypothesis (no association between the vaccine and the
adverse event), particularly when ascertainment of either vaccine exposure
or event occurrence has been sloppy; or it may create a bias away from the
null hypothesis through such mechanisms as unblinding, recall bias, or un-
equal surveillance in vaccinated versus nonvaccinated subjects. Confound-
ing hias occurs when the vaccine-adverse event association is biased as a
result of a third factor that is both capable of causing the adverse event and
associated with exposure to the vaccine. Finally, reverse causality bias can
occur unless exposure to the vaccine is known to precede the adverse event,

3. Biologic gradient (dose-response effect): In general, Can It? cau-
sality is strengthened by evidence that the risk of occurrence of an outcome
increases with higher doses or frequencies of exposure. In the case of
vaccines, however, dose and frequency tend to be fixed. Moreover, since
some of the adverse events under consideration by the committee could
represent hypersensitivity or another type of idiosyncratic reacticn, the ab-
sence of a dose-response effect might not constitute strong evidence against
a causal relation.
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4. Statistical significance: Might chance—that is, sampling varia-
tion—be responsible for the observed vaccine-adverse event association?
The magnitude of the P (probability) value (or the width of the confidence
interval) associated with an effect measure such as the relative risk or risk
difference is generally used to estimate the role of chance in producing the
observed association. This type of quantitative estimation is firmly founded
in statistical theory on the basis of repeated sampling. No similar quantita-
tive approach is usually possible, however, for assessing nonrandom errors
(bias) in estimating the strength of the association.

5. Consistency: Can It? causality is strengthened if the vaccine-ad-
verse event association has been detected in more than one study, particu-
larly if the studies employed different designs and were undertaken in dif-
ferent populations.

6. Biologic plausibility and coherence: The vaccine-adverse event
association should be plausible and coherent with current knowledge about
the biology of the vaccine and the adverse event. Such information in-
cludes experience with the naturally occurring infection against which the
vaccine is given, particularly if the vaccine is a live attenuated virus. Ani-
mal experiments and in vitro studies can also provide biologic plausibility,
either by demonstrating adverse events in other animals that are similar to
the ones in humans or by indicating pathophysiologic mechanisms by which
the adverse event might be caused by receipt of the vaccine.

Although Can It? causality is usually addressed from epidemiologic
studies, an affirmative answer can occasionally be obtained from individual
case reports. Thus, if one or more cases have clearly been shown to be
caused by a vaccine (i.e., Did It? can be answered strongly in the affirma-
tive), then Can [t? is also answered, even in the absence of epidemiologic
data. In several circumstances, for example, the committee based its judg-
ment favoring acceptance of a causal relation solely on the basis of one or
more convincing case reports.

In this regard, however, it must also be added that the absence of
convincing case reports cannot be relied upon to answer Can [t? in the
negative. If a given vaccine has an extremely long history of use and no
cases of occurrence of a particular adverse event have been reported follow-
ing its administration, doubt is inevitably cast on a possible causal relation.
Given an extremely rare adverse event and the notorious problems of
underreporting in passive surveillance systems, however, the absence of
such reports is insufficient to reject a causal relation. The committee ac-
knowledges that that which has not been reported might indeed have oc-
curred.

Instead, the committee relied on epidemiologic studies to reject a causal
relation. On the basis of the combined evidence from one or more con-
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trolled epidemiologic studies of high methodologic quality and sufficient
statistical power (sample size), failure to detect an association between a
vaccine and a particular adverse event was judged as favoring rejection of a
causal relation.

Did It?

Even though the committee was not specifically charged with assessing
the causal role of vaccines in individual cases, such assessments can be
useful in evaluating Can [t? causality. For many of the vaccine-adverse
event associations under consideration, no epidemiologic studies have been
reported, and individual case reports provide the only available evidence.
As discussed above, if that evidence strongly suggests that the vaccine did
cause the adverse event in one or more cases, then it is logical to conclude
that it can cause the event.

In fact, many of the associations that the committee was charged with
examining were first suggested because one or more cases of adverse events
were found to occur following receipt of the vaccine. Some of these origi-
nated from case reports in the published medical literature; others origi-
nated from reports by physicians, nurses, parents, or vaccine recipients who
observed the adverse event following exposure to the vaccine. The arousal
of one’s suspicions that a vaccine might be the cause of an adverse event
that occurs within hours, days, or weeks following receipt of the vaccine is
natural and understandable. But the mere fact that B follows A does not
mean that A caused B; inferring causation solely on the basis of a proper
temporal sequence is the logical fallacy of post hoc ergo propter hoc (liter-
ally, “after this, therefore because of this™).

Many factors go into evaluating the causal relation between vaccine
exposure and adverse events from individual case reports. Much of the
literature in this area has come from postmarketing surveillance programs
that monitor adverse drug reactions, such as those programs maintained by
the U.S. Food and Drug Administration and comparable agencies in other
countries (Venulet, 1982). Such passive, “spontaneous reporting” programs
have been shown to have problems with both false-negative and false-posi-
tive results; that is, many of the reported cases are probably not caused by
exposure to the drug or vaccine, whereas many drug- or vaccine-caused
events go unreported (Faich, 1986; Péré, 1991; Tubert et al., 1992).

The information from case reports that is useful in assessing causality
can be considered under the following seven headings (Kramer, 1981):

1. Previous general experience with the vaccine: How long has it
been on the market? How many individuals have received it? How often
have vaccine recipients experienced similar events? How often does the
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event occur in the absence of vaccine exposure? Does a similar event occur
more frequently in animals exposed to the vaccine than in appropriate con-
trols?

2. Alternative etiologic candidates: Can a preexisting or new illness
explain the sudden appearance of the adverse event? Does the adverse
event tend to occur spontaneously (i.e., in the absence of known cause)?
Were drugs, other therapies, or diagnostic tests and procedures that can
cause the adverse event administered?

3. Susceptibility of the vaccine recipient: Has he or she received the
vaccine in the past? If so, how has he or she reacted? Does his or her
genetic background or previous medical history affect the risk of develop-
ing the adverse event as a consequence of vaccination?

4. Timing of events: ls the timing of onset of the adverse event as
expected if the vaccine is the cause? How does that timing differ from the
timing that would occur given the alternative etiologic candidate(s)? How
does the timing, given vaccine causation, depend on the suspected mecha-
nism (e.g., immunoglobulin E versus T-cell-mediated)?

5. Characteristics of the adverse event: Are there any available labo-
ratory tests that either support or undermine the hypothesis of vaccine cau-
sation? For live attenuated virus vaccines, has the vaccine virus (or a
revertant) been isolated from the target organ(s) or otherwise identified?
Was there a Jocal reaction at the site at which the vaccine was adminis-
tered? How long did the adverse event last?

6. Dechallenge: Did the adverse event diminish as would be expected
if the vaccine caused the event? Is the adverse event of a type that tends to
resolve rapidly regardless of cause (e.g., a febrile seizure)? Ts it irreversible
(e.g., death or a permanent neurologic deficit)? Did specific treatment of
the adverse event cloud interpretation of the observed evolution of the ad-
verse event?

7. Rechallenge: Was the vaccine readministered? If so, did the ad-
verse event recur?

Three ways to assess Did [t? causality from case reports could be ap-
plied to reports of adverse events following receipt of vaccines. The most
common is global introspection (Lane, 1984). The assessor attempts to
take the relevant aforementioned factors into account and to weigh them
appropriately in arriving at an overall decision, which is usually expressed
as “yes” or “no.” Although causality in individual cases is occasionally
obvious, it may be difficult or impossible to consider and properly weigh all
the relevant facts simultaneously, let alone to possess those facts (Kramer,
1986).

A second method for assessing Did It? causality is based on the con-
struction of algorithms (branched logic trees) (Venulet, 1982). Such algo-
rithms have been shown not only to improve the reproducibility and validity
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of causality assessments but also to make those assessments more account-
able (Hutchinson and Lane, 1989). In other words, it is easier to see how
the assessment methods were used to reach the conclusions. Most algo-
rithms are presented in the form of a flowchart or a questionnaire, which
asks a series of questions and assigns a score on the basis of the assessor’s
answers to those questions. The score is then used to assign a categorical
probability rating such as definite, probable, possible, or unlikely.

The third approach is Bayesian analysis (Lane et al., 1987). It is based
on Bayes’ theorem and calculates the posterior probability of vaccine cau-
sation (the probability that the event was caused by the vaccine) from esti-
mates of the prior probability (the probability that the vaccine caused the
adverse event prior to observing the particular facts of the individual case)
and a series of likelihood ratios for each pertinent element of the observed
case. Each likelihood ratio is calculated by dividing the probability of
observing what actually occurred, under the hypothesis that the vaccine was
the cause, by the probability of observing the same occurrence given nonvaccine
causation. The Bayesian approach not only provides a direct estimate of the
Did It? probability for a given case but it is also accountable in terms of
documenting the component estimates that go into calculating the posterior
probability. The prior probability relates to the first two headings of infor-
mation from cases reported above and is often based on epidemiologic data,
when available, whereas individual case information is used to construct the
likelihood ratios for the third through seventh headings. Full Bayesian
analyses are often complicated and time-consuming. Moreover, because the
data necessary to estimate the component prior probabilities and likelihood
ratios may be unavailable, quantitative expression of the assessor’s uncer-
tainty is often highly subjective, even if based on expert opinion.

In evaluating the case reports available to the committee, the committee
adopted an informal Bayesian approach. The main elements of the case
reports used in the committee’s assessments included the individual’s medi-
cal history, the timing of onset of the adverse event following vaccine
administration, specific characteristics of the adverse event, and follow-up
information concerning its evolution. Each relevant piece of case informa-
tion was assessed for its strength of evidence for vaccine versus nonvaccine
causation. When such information (particularly conceming timing) was
unavailable, the committee usually found it difficult or impossible to infer
causality for that case.

The individual’s medical history was taken into account in considering
the role of alternative etiologic candidates (which affects the prior probabil-
ity of vaccine causation). For example, a history of abnormal neurologic
development or seizures prior to receipt of a vaccine reduces the probability
that the encephalopathy or residual seizure disorder that developed after
vaccination was caused by the vaccine.
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The committee attempted to establish objective criteria for the expected
timing of onset for each type of adverse event under consideration. For
example, data on experimental acute demyelinating encephalomyelitis and
postinfectious GBS were used to establish a time window of 5 days to 6
weeks for the likely occurrence of a vaccine-caused case of GBS, with
those cases occurring 7 to 21 days postvaccination judged as being espe-
cially likely to be caused by the vaccine. In the absence of reliable age- and
sex-specific background (i.e., in the absence of vaccine exposure) incidence
rates for GBS, however, the mere occurrence of a case of GBS 2 weeks
after receipt of a vaccine becomes interpretable only when compared with
the background number of cases that would be expected to occur in indi-
viduals of that age and sex in the absence of vaccination. Because of the
rather diffuse time window and the lack of reliable descriptive epidemiologic
information, therefore, appropriate timing of onset, in and of itself, is insuf-
ficient to infer causality for an individual case. A useful contrast is pro-
vided by anaphylaxis, which is caused by exposure to a foreign antigen or
drug. Given the occurrence of a clinically and pathologically typical case
of anaphylaxis within minutes of receipt of a vaccine, it is very difficult to
blame anything else.

The characteristics of the adverse event can also be helpful. Thus, the
committee tried to ensure that cases of GBS or anaphylaxis met established
clinical and laboratory criteria for those conditions. But mere confirmation
that a case is “true GBS,” although necessary, is insufficient to infer vac-
cine causation, because such cases do not differ from background cases that
occur after a viral infection or spontaneously. On the other hand, clinical
and pathologic findings consistent with the diagnosis of anaphylaxis are
helpful in distinguishing sudden collapse or death caused by anaphylaxis
from sudden collapse or death caused by myocardial infarction, stroke, or
some other sudden catastrophic event.

Dechallenge, that is, discontinuing the suspected vaccine or reducing its
dose, rarely contributes useful information. Unlike drugs, vaccines are
administered at a single point in time, and their immunologic effects tend to
persist well after the vaccine antigen(s) has been eliminated. Thus, the
evolution of the adverse event is often not helpful in assessing vaccine
causation.

Rechallenge is unusual, because physicians are unlikely to readminister
a vaccine previously associated with an adverse event. When rechallenge
does occur, however, the recurrence or nonrecurrence of the adverse event
will often have a major impact on the causality assessment.

Will It?

The Will 1t? causality question refers to how frequently a vaccine causes
a specific adverse event and can relate to either individuals or populations.
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For individuals, the question refers to the probability that a given vaccine
recipient will experience the adverse event because of the vaccine. For
populations, Will /t? refers to the proportion of vaccinees who will experi-
ence the adverse event as a result of the vaccine. For either individuals or
populations, the answer to Will It? is best estimated by the magnitude of the
risk difference (attributable risk): the incidence of the adverse event among
vaccine recipients minus the incidence of the adverse event among other
otherwise similar nonrecipients. This entity is often confused with the
etiologic fraction, probably because the latter is also referred to as the
population awnributable risk.

The risk difference depends om both the background incidence of the
adverse event (i.e., among nonrecipients of the vaccine) and the relative
risk of its occurrence in vaccine recipients versus nonrecipients. Thus, even
when the relative risk is high, the risk difference will be low if the event is
extremely rare.

Will It? causality assessments are essential for risk-benefit consider-
ations, because the risk difference expresses the probability of the risk of an
adverse event caused by the vaccine. But Will [t? depends on Can It?; if
the evidence is insufficient to conclude whether a vaccine can cause a given
adverse event, then it is also insufficient to conclude whether it will. More-
over, when an affirmative answer to the Can [r? question is based only on
case reports rather than epidemiologic studies, no quantitative estimate of
Will It? is possible.

Even though the Will it? question was not part of the committee’s
specific mandate, estimates of the risk difference (attributable risk) are pro-
vided, whenever possible, for those associations for which the committee
judged the evidence to favor acceptance of a (Can It?) causal relation and
for which epidemiologic data provide information on the incidence of the
adverse event among nonvaccinees and the relative risk of its occurrence
among vaccinees.

SOURCES OF EVIDENCE FOR CAUSALITY

The sources of evidence for causality examined by the committee in-
clude demonstrated biologic plausibility, reports of individual cases or se-
ries of cases, and epidemiologic studies. In an epidemiologic study, the
investigators measure one or more health-related attributes (exposures, out-
comes, or both) in a defined sample of human subjects and make inferences
about the values of those attributes or the associations among them (or
about both the values and associations) in the source population from which
the study sample originates. Epidemiologic studies can be either uncon-
trolled (descriptive) or controlled (analytic), observational (survey) or ex-
perimental (clinical trial). These sources of evidence are discussed in greater
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detail below in the same order in which they will be considered within each
of the vaccine- and adverse event-specific chapters.

Biologic Plausibility

All of the vaccine-adverse event associations assessed in this report
have some biologic plausibility, at least on theoretical grounds. That is, a
knowledgeable person could postulate a feasible mechanism by which the
vaccine could cause the adverse event. Actual demonstration of biologic
plausibility, however, was based on the known effects of the natural disease
against which the vaccine is given and the results of animal experiments
and in vitro studies. Only demonstrated biologic plausibility was consid-
ered by the committee in reaching its causality judgments.

Case Reports, Case Series, and Uncontrolled Observational Studies

The committee obtained reports of individual cases of adverse events
following receipt of vaccine through the published medical literature as
well as from passive, spontaneous surveillance systems established by the
vaccine manufacturers, the U.S. Food and Drug Administration, and the
Centers for Disease Control and Prevention. These include the Monitoring
System for Adverse Events Following lmmunization and the Spontaneous
Reporting System, as well as the more recent Vaccine Adverse Event Re-
porting System (VAERS). Appendix B identifies the material from these
systems obtained and reviewed by the committee. Chapter 10 includes a
discussion of the limitations of passive surveillance systems such as these,
as well as an analysis of the data contained within VAERS regarding re-
ports of deaths following vaccination.

Uncontrolled observational studies are usually based on a cohort de-
sign, in which an identified group of vaccinees is followed for some period
of time to detect the occurrence of one or more adverse events. These
studies often incorporate more active surveillance than is the case in the
passive, spontaneous reporting systems mentioned above, although a clear
distinction from case series emanating from defined population bases is
often difficult. Because no nonexposed control group is included in such
studies, however, the rates of occurrence of the adverse events under con-
sideration can usually be interpreted only descriptively, and the evidence
derived therefrom is rarely helpful in either accepting or rejecting a causal
relation. Also included under uncontrolled observational studies are reports
of vaccine exposure in a representative group of individuals experiencing
the adverse event. Such studies can also overlap with case series, although
the authors of case series often attempt to make causal inferences (or hy-
potheses) concerning exposure to vaccines and/or other factors and, hence,
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usually provide considerably more detail about alternative etiologic candi-
dates, the timing of the onset of the adverse event following vaccine admin-
istration, and clinical and pathologic descriptions of the adverse event.

Uncontrolled epidemiologic studies do not yield direct estimates of the
effect of vaccine exposure on the risk of developing the adverse event.
Sometimes, however, the existence of reliable data on the risk in unexposed
subjects can form the basis of an external (to the study) control group and,
hence, an indirect estimate of the vaccine effect.

Controlled Observational Studies

Controlled observational studies permit a direct estimate of the effect of
vaccine exposure on the occurrence of the adverse event. Most are based
on either a cohort or a case-control design. In controlled cohort studies, a
defined group of individuals exposed to a given vaccine are followed longi-
tudinally for the occurrence of one or more adverse events of interest, and
the rate of such occurrence is compared with the rate in an otherwise simi-
lar group of nonexposed individuals by using either the ratio of rates (rela-
tive risk) or their difference (risk difference). In many populations, how-
ever, exposure to vaccines is virtually universal; exposure can then be defined
within a rather narrow time window; that is, the rate of occurrence of an
adverse event within 2 weeks of vaccine administration can be compared
with the rate of occurrence of an adverse event several weeks or months
thereafter. In case-control studies, rates of prior exposure to the suspected
vaccine between individuals with (the cases) and without (the controls) the
adverse event are compared. No direct calculation of relative risk or risk
difference can be made from a case-control study, but the exposure odds
ratio (the odds of exposure among the cases divided by the odds of expo-
sure among the controls) can be shown to be a very good estimate of the
true relative risk when the adverse event is rare. In fact, the case-control
design is often the only feasible epidemiologic research design for rare
events (e.g., GBS, transverse myelitis, optic neuritis, and Stevens-Johnson
syndrome). As with cohort studies, the time window of exposure (prior to
the occurrence of the adverse event) should be defined narrowly to reflect
the biologic latent period corresponding to the pathogenesis of the sus-
pected adverse event.

Other types of controlied epidemiologic studies can also provide useful
information. In ecologic studies, for example, the rates of a given adverse
event are compared among otherwise similar regions or countries with dif-
ferent policies for administering a suspected vaccine. Such studies assess
the vaccine-adverse event association at the population level, and therefore
provide only indirect evidence of the association among individuals.
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Controlled Clinical Trials

The epidemiologic study designs discussed up to this point are all ob-
servational, Allocation of exposure (receipt or nonreceipt of a given vac-
cine) was decided either by the vaccine recipients, by their parents, or by
their physicians—not by the study investigators. The investigators merely
attempted to observe the effect of vaccine exposure; they did not control
who did or did not receive the vaccine. This absence of control over who
gets exposed is what makes observational studies differ from experimental
studies, which are also called clinical trials. In a controlled clinical trial of
a vaccine, outcomes are compared in subjects who are allocated by the
investigator to receive or not receive the vaccine. The controlled clinical
trial design provides the strongest scientific evidence bearing on the causal
relation between a vaccine and an adverse event, particularly when expo-
sure versus nonexposure to a vaccine is assigned in a random fashion. The
study design is then referred to as a randomized clinical trial. As with
observational cohort studies, the effect of vaccine exposure on the occur-
rence of the adverse event is usually expressed as the relative risk or risk
difference. Unfortunately, many of the adverse events under consideration
by the committee are so rare that even large, multicenter randomized trials
would be too small to detect differences in the incidences of a rare adverse
event.

Combining the Evidence

When two or more epidemiologic studies that bear on a given vaccine-
adverse event association were located by the committee (particularly when
they shared a similar design), the committee used meta-analysis to pool the
results from those studies and thereby gain both increased statistical power
and enhanced generalizability (Dickersin and Berlin, 1992). Even a meta-
analysis of epidemiologic studies, however, does not help in combining the
evidence from different sources of evidence. Because no generally ac-
cepted rules exist for combining such evidence, the committee adopted its
own operational criteria.

Although randomized clinical trials are generally accepted as providing
the most scientifically valid assessment of causal relations, most have been
too small to contribute any useful evidence bearing on the vaccine-adverse
event associations under consideration by the committee. Thus, case re-
ports, case series, and uncontrolled observational studies and controlled
observational epidemiologic studies were often the main basis for the com-
mittee’s judgment. As mentioned above, only epidemiologic studies were
used to conclude that the evidence favored rejection of a causal relation. In
the absence of epidemiologic studies favoring acceptance of a causal rela-
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tion, individual case reports and case series were relied upon, provided that
the nature and timing of the adverse event following vaccine administration
and the absence of likely alternative etiologic candidates were such that a
reasonable certainty of causality could be inferred (as described above)
from one or more case reports. The presence or absence of demonstrated
biologic plausibility was also considered in weighing the overall balance of
evidence for and against a causal relation. In the absence of convincing
case reports or epidemiologic studies, however, the mere demonstration of
biologic plausibility was felt to constitute insufficient evidence to accept or
reject a causal relation.

Acceptance and rejection of a causal relation between any exposure and
outcome are inherently asymmetric. Very strong evidence in favor of such
a causal relation can be said to establish a causal relation, although 100
percent “proof,” in the mathematical sense, is never possible. It is almost
never possible, however, to be as sure about rejecting such a causal relation
because even the largest population-based epidemiologic studies have insuf-
ficient statistical power to detect extremely rare causes of an outcome (e.g.,
an excess risk of 1 per 1 million population). Hence, the categories in
which the committee has summarized the evidence for causality (see below)
reflect this essential asymmetry.

Despite the committee’s attempts at objectivity, the interpretation of
scientific evidence always retains at least some subjective elements. Use of
such “objective” standards as P values, confidence intervals, and relative
risks may convey a false sense that such judgments are entirely objective.
However, judgments about potential sources of bias, although based on
sound scientific principles, cannot usually be quantitated. This is true even
for the scientific “gold standard” in evaluating causal relations, the random-
ized clinical trial.

For each vaccine-adverse event association under consideration, the com-
mittee started from a neutral position, presuming neither the presence nor
the absence of a causal relation between the vaccines and the adverse events
under consideration. Each category of evidence was then assessed and
weighted (as described above) to arrive at an overall judgment as to whether
the balance of evidence favored acceptance or rejection of a causal relation
between the vaccine and the adverse event. To enhance scientific account-
ability, the committee’s judgment of causality for each vaccine-adverse event
association considered is accompanied by an explanation of the evidentiary
basis for that judgment,

SUMMARIZING THE EVIDENCE FOR CAUSALITY

The committee attempted to build on the methods and procedures used
by the Committee to Review the Adverse Consequences of Pertussis and
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Rubella Vaccines (Institute of Medicine, 1991). The pertussis and rubella
vaccine committee summarized the evidence bearing on those vaccines us-
ing the following five categories: (1) no evidence bearing on a causal
relation, (2) evidence insufficient to indicate a causal relation, (3) evidence
does not indicate a causal relation, (4) evidence is consistent with a causal
relation, and (5) evidence indicates a causal relation. They then assigned
each vaccine-adverse event association under their consideration to one of
these five categories.

Because some confusion has arisen over the meaning of the category
descriptions used by the pertussis and rubella vaccine committee, despite
extensive explanation both in footnotes and the text, the Vaccine Safety
Committee adopted some minor modifications in wording intended to help
in the interpretation of the present report. To facilitate reading by those
familiar with the report of the previous committee, the present committee
maintained both the number of categories (five) and the order of those
categories but modified the wording in an attempt to clarify its meaning.

The names and descriptions of the caiegories used in this report are as
follows:

1. No evidence bearing on a causal relation.

Putative associations between vaccine and adverse events for which the
committee was unable to locate any case reports or epidemiologic studies
were placed in this category. Demonstrated biologic plausibility alone was
considered insufficient to remove a given vaccine-adverse event association
from this category.

2. The evidence is inadequate to accept or reject a causal relation.

One or more (in some instances there were many) case reports or
epidemiologic studies were located by the committee, but the evidence for a
causal relation neither outweighed nor was outweighed by the evidence
against a causal relation. The presence or absence of demonstrated biologic
plausibility was considered insufficient to shift this balance in either direc-
tion.

3. The evidence favors rejection of a causal relation.

Only evidence from epidemiologic studies was considered as a basis for
possible rejection of a causal relation. Such evidence was judged as favor-
ing rejection only when a rigorously performed epidemiologic study (or a
meta-analysis of several such studies) of adequate size (i.e., statistical power)
did not detect a significant association between the vaccine and the adverse
event. The absence of demonstrated biologic plausibility was considered
supportive of a decision to reject a causal relation but insufficient on its
own to shift the balance of evidence from other sources.

4. The evidence favors acceptance of a causal relation.
The balance of evidence from one or more case reports or epidemiologic
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studies provides evidence for a causal relation that outweighs the evidence
against such a relation. Demonstrated biologic plausibility was considered
supportive of a decision to accept a causal relation but insufficient on its
own to shift the balance of evidence from other sources.
5. The evidence establishes a causal relation.

Epidemiologic studies and/or case reports provide unequivocal evidence
for a causal relation, and biologic plausibility has been demonstrated.
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